Neoplasms of preputial gland and skin were obtained from Fischer 344 male rats on lifetime drinking water studies of the benzidine congener 3,3'-dimethoxybenzidine, c.1. Direct Blue 15 or CL Acid Red 114, bisazobiphenyl dyes derived from 3,3'-dimethoxybenzidine and 3,3'-dimethyl benzidine. Portions of these well differentiated neoplasms were implanted into the left mammary fat pad of Fischer 344 male recipients. The rate ofgrowth, presence of local invasion and distant metastases, and morphologic features were observed following 4 serial transplantations. All implants appeared early, grew rapidly, and were histomorphologically similar to the original neoplasms. Metastases from transplants were observed with both preputial gland and skin tumor lines in serial passages. The transplantation results confirm the malignant nature of these neoplasms.
INTRODUCTION
During the conduct of 2-year toxicology and carcinogenesis studies on the benzidine congener, 3,3'dimethoxybenzidine (CAS 119-90-4), C.I. Direct
Blue 15 (CAS 2429-74-5), and cr. Acid Red 114 (CAS 6459-94-5) in Fischer 344 rats, we noted an apparent excess of neoplasms of the skin and the preputial/clitoral glands. Tumors of basal cells and of preputial/clitoral glands are usually neither notably aggressive nor overtly invasive and only infrequently metastasize to distant sites (1, 9, 13) . For this reason, classification ofthese neoplasms as either benign or malignant must usually be based upon subjective factors. Such an imprecise classification scheme invariably leads to disagreement among scientists called upon to interpret the implications of experimental findings relative to human health risk.
Earlier workers have published useful descriptions of the morphological characteristics of both basal cell (13) and preputial/clitoral gland (4, 8, 9) neoplasms. However, there is little information available concerning the transplantation characteristics of these lesions.
Ward and Lynch (12) have reported on the transplantability of spontaneously occurring benign and malignant preputial/clitoral gland neoplasms from aged Fischer 344 rats. These workers concluded that malignant forms of these tumors are transplantable at a higher rate and with shorter latency times than are benign. However, these conclusions were based on a single passage study with a single carcinoma and 4 adenomas. Since the initiation of the longterm toxicity and carcinogenicity testing program, the National Cancer Institute and National Toxicology Program have found that the chronic administration of 29 out of approximately 350 chemicals was associated with statistically significant increases in the incidence of preputial and/or clitoral gland neoplasms in rats.
Since these tissues are potential target organs for carcinogenic chemicals, the acquisition ofadditional information about the biological behavior ofthese neoplasms was considered important. This report describes the transplantation characteristics of pre- 
METHODS

Weanling male Fischer 344 rats (Frederick Cancer
Research Facility) were housed, in groups of5, quarantined for at least 10 days, and randomly assigned to experimental groups.
Tumors used for transplantation were obtained at moribund or terminal kills during 2-year toxicity and carcinogenicity studies on 3,3'-dimethoxybenzidine, cr. Direct Blue 15 or C.I. Acid Red 114.
Ten preputial gland tumors and 5 skin tumors were selected from male animals. Two of the preputial gland tumors were obtained from control animals.
The range of weeks on study to onset of these Original tumors was 28 to 76 weeks for preputial gland neoplasms and 56 to 68 weeks for the skin epithelial neoplasms. The size ofthe preputial gland tumors at necropsy ranged from 30 to 68 mm (length), whereas the skin epithelial neoplasms ranged from 24 to 50 mm.
Fresh tumors were bisected and one half was preserved in formalin and the second half was used for transplantation with portions frozen for possible future transplantation and oncogene investigations. The material used for transplantation was debrided of necrotic tissue, cut into strips measuring approximately 2 x 2 x 10 mm and implanted into the left mammary fat pad of recipients with a 10-gauge Silverman Bone Marrow biopsy needle. Each of the original 10 preputial gland and 5 skin tumors were implanted into 10 recipient rats (Passage I). Of the successful Passage I transplants, 2 were selected for implantation into 5 recipients each (Passage II). The same procedure was used for Passages III and IV. The transplantation experimental design is shown in Fig. 1 .
Transplant recipients were observed for mortality and clinical signs twice daily, and implant sites palpated weekly. When masses appeared, they were measured weekly and their progression recorded. Arbitrarily, ifafter 6 months recipients did not show evidence of transplant growth, they were killed and necropsied, and implantation sites were examined grossly. Residual tumor implant tissue, if present, was retained for histologic examination. Recipient animals that became moribund or had large, ulcerated or hemorrhaging lesions were killed.
Histopathology was performed on all original tumors and major organs, retrospectively, and also on transplants that grew or survived. The lungs, regionallymph nodes, and suspected metastatic sites in recipients were also examined microscopically.
RESULTS
Morphologic Features of Neoplasms
The original neoplasms were reviewed by a group of pathologists experienced in rodent carcinogenicity studies and the general consensus was that all 10 original preputial gland neoplasms were well to moderately well differentiated carcinomas. Most reviewing pathologists considered 3 of the skin neoplasms to be well to moderately well differentiated basal cell carcinomas. Opinions on the remaining 2 skin neoplasms were varied and these were classified as well to moderately well differentiated squamous cell carcinomas.
The original preputial gland carcinomas were usually first observed as a spherical swelling in the inguinal area. Soon the overlying skin became necrotic and the caseous contents (sebum) of the neoplasms were discharged through the ulcerated skin. The preputial gland neoplasms then became everted and TOXICOLOGIC PATHOLOGY assumed a verrucose appearance. Microscopically, there was severe distortion of the normal architecture and this disorganized pattern of growth disrupted the normal spatial relationship of basement membrane to epithelium. Often there was an abundance of small basophilic epithelial cells ("reserve cells") which grew in sheets between intervening glands. The carcinomas were primarily expansive growths rather than infiltrative but most had limited areas of pod-like extension into adjacent stroma (Fig.  2) . Occasionally, nodules separate from the main tumor mass were formed. Distant metastases from original preputial gland neoplasms were not detected. The 3 basal cell carcinomas were composed of proliferating small basophilic cells forming nodules varying in size and with a central core ofdegenerated cells and amorphous eosinophilic material. Some had centrally located squamous differentiation and I neoplasm had a large area of ischemic necrosis. Like the preputial gland neoplasms these were expansive growths and invasion was not a prominent feature. One of the squamous cell carcinomas was an expansive growth with features of a keratoacanthoma and formed large masses of keratin and showed early invasion of'adjacent connective tissue. The other squamous cell tumor was an infiltrative carcinoma.
When complete tissues were reviewed from the 15 donor animals, 6 were found to have histologic evidence of mononuclear cell leukemia.
Transplantation Findings (Preputial Gland Neoplasms)
Table I summarizes the transplantation characteristics of the 10 preputial gland tumor lines. All 10 original tumors were successfully transplanted into recipients through 4 serial passages. In Passage IV, only 90 recipients were used because I subgroup of animals each from 2 tumor lines expired from complications of mononuclear cell leukemia before transplants could be made. The rate of transplant success was very high in Passages I and II but declined slightly in Passages III and IV due in large part to complications of leukemia. Leukemia was apparently introduced into recipients by leukemic cells which were present in the stroma of original tumor tissue implants. In later passages, the leukemia often became a fulminating condition, killing the recipients before the preputial gland transplant could develop. Nearly all growing transplants were present at necropsy except for 2 in Passage III and I in Passage IV which were lost due to cannibalism.
The transplants grew rapidly, became palpable in an average of 3.3 to 4.5 weeks over the 4 passages and reached a size of 30 mm in 7.1 to 9.7 weeks in the 4 serial passages. The gross appearance was typical of preputial gland neoplasms in that they often rapidly became ulcerated, discharged the central contents of the neoplasm and continued as everted growths. At necropsy, the tumors often were quite large, reaching an average size of 50 mm in greatest measurement. The average time to death or sacrifice was 19 to 24 weeks. The histologic morphology of the transplants was quite similar to that ofthe original neoplasms and did not appear to become less differentiated or anaplastic over the course of the 4 serial passages (Fig. 3 ). There was no morphologic difference between spontaneous and induced tumor lines.
Pulmonary metastasis of transplanted preputial gland tumors occurred in a total of 3 tumor lines as indicated in Table I . One tumor line had pulmonary metastasis in I animal each in Passages II and IV, a second line had metastasis in I recipient in Passage III, and the third line had metastasis in 2 animals in Passage IV (Fig. 4 ). Thus, out of a total of 330 animals in 4 passages with growing transplants, 5 animals exhibited metastasis for an overall incidence of 1.5%.
Transplantation Findings (Skin Neoplasms)
Table II summarizes the transplantation characteristics of the basal cell and squamous cell tumors. All original tumor lines were successfully transplanted. One basal cell tumor line was lost in Passage III as a result of technical error. The percentage of recipients with growing transplants was nearly 100% for squamous cell tumors in all passages and 70-100% for basal cell tumors in Passages I and II. The rate of transplantation success decreased somewhat in Passage III and dramatically in Passage IV for the basal cell tumor lines.
The latency period for basal cell tumors averaged from 2.8 to 9.8 weeks, increasing in later passages and for squamous cell tumors averaged from 1.6 to 2.3 through the 4 serial passages. The rate of growth was rapid for squamous cell tumors which reached 30 mm in an average of 3.1 to 4.7 weeks in serial passages. The basal cell tumors grew less rapidly but reached 30 mm in an average of 10.1 to 15.7 weeks. The growth rate appeared to slow somewhat with Two of the basal cell tumor lines had recipients with metastasis (lung and/or regional lymph node). Metastases \Vere observed in 1 animal each in Passages II and III from 1 tumor line and in the second line 1 animal in Passage I. One squamous cell tumor line had recipients with pulmonary metastases in Passage I (1 animal), Passage II (2 animals); and Passage III (4 animals)
The histomorphologic appearance oftransplanted neoplasms was quite similar to that of the original neoplasms through all 4 serial passages (Fig. 5 ). An exception to this was one of the aforementioned basal cell tumor line recipients which developed prominent infiltrative squamous features. It was this part of the tumor that metastasized.
DISCUSSION
All original preputial gland tumors were successfully transplanted into syngeneichosts and grew rap- idly through 4 serial passages. The apparent rapid rate of growth noted in the third passage may have been influenced by leukemia which also developed at the implantation site and possibly added to the overall size of the transplant. Ward experienced similar problems in his investigations with the complications of leukemia inadvertently introduced into hosts via tissue implants (12) . Stromberg et al have studied the behavior of transplanted mononuclear cell leukemia in Fischer 344 rats and found, as we did, that leukemia becomes fulminating with serial passage (10) . In our experiments, this occurred to such an extent that some tumor lines were lost to study. The histologic appearance ofthe transplanted preputial gland tumors remained similar to that of the original tumors and did not become anaplastic or less differentiated over the 4 serial passages. Similar results have been noted with transplants of liver tumors by Reuber and Firminger, and Kyriazis and Vesselinovitch, epidermal squamous cell carcinomas by Svoboda and Reddy and with thyroid tumors by Orvoine et al (2, (5) (6) (7) 11) . These investigations noted no change in morphology until as late as the 16th passage or more, well beyond the scope of this study.
Three of the preputial gland neoplasm lines had recipients that developed metastases. Two of these lines were derived from original tumors which developed in control males. All other tumor lines were derived from preputial gland tumors in treated rats. There were no apparent differences between the morphology ofthe spontaneous tumor lines and the induced tumor lines. Furthermore, the morphology ofall the tumor lines and transplants was quite similar, including those which had recipients with transplant metastases. The rate of metastases in the total population at risk over the 4 serial passages was low and in keeping with the incidence reported in the literature. Furthermore, 4 serial passages were not associated with any observable degree of increased anaplasia over time and so it is unreasonable to assume that the rate of metastases would increase.
Donor tissues were examined retrospectively and it is unfortunate that no preputial gland adenomas were included in this study so that the biologic behavior of adenoma and carcinoma could be compared. It is likely that all adenomas had developed into carcinomas by the time samples were taken at sacrifice of the donors. Reznik feels that, with time, preputial gland adenomas develop into carcinomas (9) . Ward did limited investigations on preputial! clitoral gland adenomas in Fischer 344 rats (12) . The latency period for adenomas in his study was approximately 17 weeks compared to 3 to 5 weeks for carcinomas in our study. The adenomas in his study reached 20 mm in approximately 22 weeks whereas the carcinomas in our study reached 30 mm in 7 to 9 weeks. The time to death from adenomas in Ward's study was approximately 36 weeks whereas in our study, this averaged 18 to 24 weeks for carcinomas.
The preputial tumors that were transplanted in this study behaved biologically as malignant tumors in spite of their well differentiated morphology. The latency period was short, the rate of growth was rapid and 3 of 10 tumor lines of similar morphologic appearance had recipients with transplants that metastasized.
Three malignant basal cell tumors and 2 squamous cell carcinomas were successfully transplanted into syngeneic hosts and grew rapidly. In the third passage, 1 basal cell tumor line was lost, possibly due to a technical error rather than failure of the transplant to grow. Two ofthe basal cell tumor lines had recipients with transplant metastases. One of these developed infiltrative squamous cell features in Passage II and this portion of the transplant metastasized to the inguinal and axillary lymph nodes in Passages II and III. The other basal cell tumors were morphologically similar to the original tumors throughout the serial passages. Both squamous cell carcinomas grew rapidly in recipients and one, which was moderately well differentiated and exhibited a limited infiltrative pattern, had metastases in Passages I, II, and III.
The results of these transplantation studies of moderately well and well differentiated preputial gland carcinomas, malignant epidermal basal cell tumors, and' epidermal squamous cell carcinomas from Fischer 344 rats confirms the malignant nature of these neoplasms.
